We used portable genome sequencing to investigate reported dengue virus transmission in Angola. Our results reveal autochthonous transmission of dengue serotype 2 (Cosmopolitan genotype) in Jan 2018.
Introduction
In Africa, the burden of disease caused by Aedes-borne virus infections may be similar to that of the Americas (1, 2) . However, the transmission and genetic diversity of arthropod-borne viruses in Africa remains poorly understood due to a paucity of systematic surveillance.
Moreover, syndromic surveillance may confound symptomatically similar illnesses (3, 4) and current serological diagnostic tests can be masked by cross-reactivity to other circulating flaviviruses (5) . Improved genomic surveillance of disease causing viruses is necessary to better understand the dynamics of transmission in Africa.
During 2013, Angola experienced a large dengue outbreak that was concentrated in Luanda Province (6) . Cases detected in returning travellers showed that the virus rapidly disseminated from Angola to Europe, Asia and the Americas (7) . Whilst infections were dominated by serotype 1 viruses (8), all dengue viral serotypes were reported in returning travellers from Angola (9) .
Although dengue is likely endemic in Angola, patterns of DENV transmission in the country outside the 2013 epidemic are poorly characterized. The lack of genomic characterization restricts our understanding of DENV diversity within Angola, and the frequency and directionality with which dengue viruses are exchanged with other countries. Here, we report a new approach for portable sequencing of dengue virus serotype 2 (DENV2), and use this method to characterize the first viral genome generated in Angola.
Epidemiological data
To investigate the timing and frequency of dengue occurrence in Angola, rapid diagnostic SD-Bio Line Dengue Duo (NS1 Ag+) tests were conducted to detect dengue specific IgM 
Genome sequencing
The RT-qPCR positive sample was subjected to viral genomic amplification and sequencing using a new multiplex PCR primer scheme designed to amplify the entire coding region of DENV2. Published genomes of non-sylvatic DENV2 were aligned and used to generate a 90% consensus sequence that formed the target for primer design. Primers that generate overlapping amplicons of length 980bp, with overlap 20bp were designed following (10) (see Technical Appendix for primer scheme). cDNA synthesis, multiplex PCRs using 35 cycles, library preparation and sequencing were conducted following (10) .
Generation of consensus sequences was performed following (10) . The 90% consensus sequence defined above was originally used as a reference genome for mapping sequencing reads, but this reference was later refined to a more appropriate reference genome (Genbank Accession LC121816) using BLAST searching of the provisionally mapped data. The median sequencing depth was 11,448 reads, and 75% of the genome had a depth of at least 2419 reads. In total, 96% of the coding region of DENV2 (named isolate AO-1) was sequenced.
Phylogenetic analyses
Phylogenetic trees were estimated to explore the relationship of the sequenced AO-1 genome (GenBank accession number XXX) to other isolates. 1395 DENV2 genome sequences with associated date and country of collection were retrieved from GenBank. From this data set, a subset was generated that included all identified African sequences (n=35), 200 globally sampled sequences (randomly sampled from the remaining 1360 sequences), and the novel AO-1 sequence. These sequences were aligned using MUSCLE, as implemented in Geneious 9.0.5 (11) . A maximum likelihood (ML) phylogenetic tree was estimated using a GTR+4G substitution model in RAxML 8.2.10 (12) . 500 non-parametric bootstrap replicates were performed to evaluate statistical support for phylogenetic nodes.
Most DENV sequences available in GenBank are partial gene sequences. We therefore supplemented the above whole genome alignment with all African DENV2 sequences >1000bp that belonged to the same genotype as the novel Angolan sequence. Sequences were aligned to the envelope region of DENV2, and a separate phylogeny was estimated from this alignment using the models specified above.
Phylogenetic estimation strongly supports placement of the Angolan genome in the
Cosmopolitan genotype of DENV2 (Fig. 1B) . The Angolan strain forms part of a wellsupported monophyletic clade that comprises genomes sampled in East Africa, and is most closely related to DENV isolated from a returning traveler from this region. Inclusion of partial sequences in the phylogeny indicates that viruses from this clade have been present in Africa since at least 2013 (Fig. 1B) .
Finally, we generated maps of the distribution of currently available DENV sequence data, in order to explore the global distribution of the DENV2 Cosmopolitan genotype and to identify geographic gaps in DENV genomic surveillance that might bias phylogenetic interpretation.
All DENV sequences >100bp of any serotype, with known location of sampling (including returning travelers), were downloaded from GenBank. DENV2 sequences were genotyped using the Genome Detective online classification tool (http://www.genomedetective.com).
The majority of sequenced dengue viruses in Africa belong to DENV2 (49%), of which 70% belong to the Cosmopolitan genotype (Fig. 1C) . We find that whilst 16% of all global clinically apparent dengue infections have been estimated to occur in Africa (1), DENV1-4 6 sequences from Africa currently represent <1% of the available global DENV sequence data.
No data exists from the Democratic Republic of Congo, which has been epidemiologically linked with Angola during past arboviral outbreaks (13) . Additional data will help to address transmission dynamics of DENV2 in the country and to identify common routes of virus importation into Angola.
Conclusions
The DENV2 sequencing approach reported here may represent a useful tool for genomic characterization and molecular epidemiology of DENV2 outbreaks in Africa and elsewhere. 
Technical Appendix

Primer Name
Primer sequence (5'-3')  DENV2_1_LEFT  AGCAGATCTCTGATGAATAACCAACG  DENV2_1_RIGHT  TTTTTGCCATCGTCGTCACACA  DENV2_2_LEFT  TCGCTCCTTCAATGACAATGCG  DENV2_2_RIGHT  CCATTCTCAGCCTGCACTTGAG  DENV2_3_LEFT  ACATTGGTCACTTTCAAAAATCCCC  DENV2_3_RIGHT  TGAAGGGGATTCTGGTTGGAACT  DENV2_4_LEFT  ATAGTGGTTGCGTTGTGAGCTG  DENV2_4_RIGHT  CGGCAGCACCATTCTGTTATGA  DENV2_5_LEFT  TCATGCAGGCAGGAAAACGATC  DENV2_5_RIGHT  TCTCAAGAGTAGTCCAGCTGCA  DENV2_6_LEFT  TGGAAATCAGACCATTGAAAGAGAAAGA  DENV2_6_RIGHT  TGGTCAGTGTTTGTTCTTCCTCTT  DENV2_7_LEFT  CCAATCCTGTCAATAACAATATCAGAAGAT  DENV2_7_RIGHT  TGATGGCTGGGGTTTGGTATCT  DENV2_8_LEFT  AGATCGAAGATGACATTTTCCGAAAGA  DENV2_8_RIGHT  CCCATGTATATGTACTGGTCATTTTCATT  DENV2_9_LEFT  ATGCCAGTGACCCACTCTAGTG  DENV2_9_RIGHT  CCACCACTGTGAGGATGGCTAT  DENV2_10_LEFT  ACCAGAAAAACAGAGAACACCCC  DENV2_10_RIGHT  CCACTTCCTGGATTCCACTTTTCT  DENV2_11_LEFT  GGAGCTGGACTTCTCTTTTCCAT  DENV2_11_RIGHT  GACGTCCCAAGGTTTTGTCAGC  DENV2_12_LEFT  AGAGCATGAAACATCATGGCACT  DENV2_12_RIGHT  GTGCCTCTTGGTGTTGGTCTTT  DENV2_13_LEFT  TGGGACACAAGAATCACACTAGAAG  DENV2_13_RIGHT CCGCACCATTGGTCTTCTCTTT
